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The red cell suspension (RCS) is a universally used indicator 
system to demonstrate antigen and antibody reactions in vitro. 
Saline solutions that are used in its preparation are preferred to 
be fresh to avoid changes in pH that may affect the results. Thus, 
buffered saline such as phosphate-buffered saline (PBS) is the ideal 
diluent because its pH is maintained for a certain period. However, 
normal saline solution (NSS) is more commonly used because it is 
inexpensive and easy to make. pH changes in the saline solutions 
and the RCSs were monitored for 1 week. Macroscopic examination 
of changes in degree of redness of RCS was also observed. Red 
blood cell (RBC) indices of the ethylenediaminetetraacetic acid 
(EDTA)-anticoagulated blood used in the preparation of the RCS 
were measured in the performance of an automated complete 
blood count. Qualitative examination of the crenation of RBCs was 
done on the prepared blood smears and graded by three registered 
medical technologists. Percentage crenation was then determined 
using an improved Neubauer counting chamber. Three trials were 
performed, and results were averaged. Statistical analysis showed 
that there were significant differences in the average pH of PBS 
and NSS and the average pH of RCS-PBS and RCS-NSS over 1 
week. RBC indices measured in EDTA-anticoagulated donor 
blood showed no significant difference. Macroscopic examination 
of changes in degree of redness of the RCS showed that color 
darkened over 1 week but only by a small degree. Qualitative 
and quantitative examination of crenation of RBCs in RCS-PBS 
and RCS-NSS both showed no significant differences over 1 
week. The experimental group (RCS-NSS) continuously showed 
a higher grade of crenation than the control group (RCS-PBS). 
Crenation of RBCs still manifests microscopically despite the lack 
of a significant relationship between the pH of the saline solutions 
and the degree and percentage of crenation. Crenation, therefore, 
cannot be attributed to pH alone but occurs as a result of other 
factors. Immunohematology 2014;30:126–134.
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The red cell suspension (RCS) is a universally used 
indicator system to demonstrate antigen and antibody reactions 
in vitro. Saline solutions that are used in its preparation are 
preferred to be fresh to avoid changes in pH that may affect the 
results. Thus, buffered saline such as phosphate-buffered saline 
(PBS) is the ideal diluent because its pH is maintained for a 
certain period. However, normal saline solution (NSS) is more 
commonly used because it is inexpensive and easy to make. 
One of the reagents that should be readily available in a 
laboratory is saline. Saline refers to the solution of sodium 
chloride (NaCl; common table salt) in water that exists in 
various concentrations and formulations and is very essential 
in the performance of laboratory procedures. Saline is the ideal 
diluent used in blood bank procedures because it is isotonic in 
nature and will not cause hemolysis of red blood cells (RBCs). 
Intact erythrocytes maintain normal shape in the cellular pH 
range of 6.3 to 7.9, but invaginate at lower pH values. Below 
an external pH of 6.0, membrane curvature becomes negative 
(stomatocytic); above pH 8.0, curvature becomes positive 
(echinocytic). It was shown that cytoplasmic pH is the primary 
physiological mediator of RBC shape change in altered pH 
buffers.2
Isotonic saline is used to wash RBCs when preparing an 
RCS. This RCS is used as a source of antigen to which the 
corresponding antibody can react to produce agglutination 
or hemolysis in vitro. This suspension exists in different 
concentrations (2%, 3%, 4%, 5%) and is prepared by using 
anticoagulated blood.3 A 2 percent to 5 percent RCS provides 
optimal antigen concentration for various blood bank laboratory 
applications such as ABO typing and crossmatching. RBCs 
are washed with saline to remove traces of plasma that may 
contain substances that may interfere with antigen–antibody 
reaction. These substances include soluble antigens such as 
A and B, which when present may neutralize the reagent; 
interfering proteins such as Wharton’s jelly, which may cause 
red cells to nonspecifically aggregate; and other rouleaux-
promoting substances such as globulins and fibrinogen, which 
when elevated make interpretation of reactions difficult and 
misleading.3
Saline solutions are preferably freshly prepared because 
washing RBCs with stock saline may yield a pH below or above 
the normal range required and may cause inaccurate results.4 
Two common formulations of saline solutions are NSS and 
PBS. NSS (physiologic saline or isotonic solution) is chemically 
0.85 percent or 0.90 percent w/v NaCl, which is about 300 
mOsm/L, an osmolarity similar to the osmolarity of this salt 
in blood. PBS solution, on the other hand, is a water-based 
salt solution containing sodium chloride, sodium phosphate, 
and, in some formulations, potassium chloride and potassium 
phosphate. The buffer’s phosphate groups help maintain pH 
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between 7.2 and 7.4. The osmolarity and ion concentration of 
the solution usually match those of the human body (isotonic).
PBS is the ideal diluent because its pH is maintained for 
a certain time period. However, schools and laboratories, 
especially those from government hospitals, commonly use 
NSS because it is inexpensive and easy to make. The use of 
PBS for daily procedures may be impractical because of its 
cost. Thus, it is preferable to purchase a cheaper, ready-made 
0.85 percent to 0.9 percent NSS or make one by dissolving 
0.85 to 0.90 g of NaCl in enough volume of distilled water to 
reach 100 mL. The NSS—regardless of whether it is purchased 
from pharmaceutical companies or traditionally made, kept, 
and stored until consumed—may have pH variations that 
cannot be controlled because it is unbuffered. In this context, 
these changes in pH may have effects on RBCs that are yet to 
be explored in this study.
Materials and Methods
Research Locale
The research experiment was conducted at the San 
Lazaro Hospital Laboratory, Philippines. The laboratory 
provided most of the necessary equipment and ancillary 
instruments needed by the researchers such as the automated 
Complete Blood Count (CBC) analyzer, laboratory centrifuge, 
microscope, and refrigerator. All other materials such as test 
tubes, beakers, amber bottles for storage of saline solution, 
hemocytometer, glass slides and cover slips, and others were 
provided by the researchers.
Research Design
The study was of the experimental type and involved the 
collection of donor samples, preparation of saline solutions and 
subsequent preparation of RBC suspensions, and measurement 
and examination of defined RBC parameters (Fig. 1.) resulting 
in a comparative observation and analysis between two 
commonly used saline solutions—PBS and NSS. PBS served 
as the control and NSS as the test sample. One liter of PBS 
was purchased from University of Santo Tomas Laboratory 
Equipment and Supplies Office (UST-LESO), and 1 L of NSS 
was also prepared by dissolving 8.50 to 9.0 g of chemical-grade 
NaCl in enough distilled water to reach 1000 mL.
The pH of both saline solutions was recorded at 0, 2, 4, 6, 
8, 24, 48, 72, 96, 120, and 144 hours (Table 1). The procedure 
was performed for 1 week.
Two 5 percent RCSs washed three times with PBS 
and NSS were made from ethylenediaminetetraacetic acid 
(EDTA)-anticoagulated blood from a specific donor. RBC 
indices of this collected blood were also measured, monitored, 
and documented to determine cellular changes undergone by 
the erythrocytes.
The intensity of redness of RCSs was observed using a 
comparator chart (Fig. 2). Moreover, morphologic changes of 
RBCs were also determined by grading the degree of crenation 
with time (Fig. 3). This was then evaluated by three registered 
medical technologists, and the percentage of crenated RBCs 
was computed. Three trials were performed, and results were 
averaged.
ColleCtion of Donor-SpeCifiC eDtA-AntiCoAgulAteD BlooD
Venous blood was collected from the antecubital vein 
and transferred to an EDTA-anticoagulated tube. The blood 
collected from a specific donor was used from the beginning 
to the end of the study. The donor specificity minimized 
unnecessary variables and controlled external factors that 
could yield inaccurate results. The donor sample was subjected 
to a CBC beforehand to ensure that the study was performed 
Fig. 1 Flowchart of the research procedure. EDTA = 
ethylenediaminetetraacetic acid; PBS = phosphate-buffered saline; 
NSS = normal saline solution; RCS = red cell suspension.
Table 1. Time schedule of the research procedure
0 h 2 h 4 h 6 h 8 h 24 h 48 h 72 h 96 h 120 h 144 h
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under normal conditions 
with time.
prepArAtion of 0.85 perCent 
to 0.9 perCent nSS
NSS served as the 
diluent to be tested and was 
prepared by weighing 0.85 
to 0.90 g of chemical-grade 
NaCl or pure table salt and 
dissolving it in distilled 
water. The researchers 
prepared 1 L of NSS; hence, 
8.50 to 9.00 g of chemical-
grade NaCl was dissolved 
in enough distilled water to 
reach the 1000-mL mark 
in the volumetric flask. The 
prepared NSS was stored 
at refrigerator temperature 
(between 2°C and 6°C) and 
used from the beginning to 
the end of the study.
prepArAtion of 5 perCent rCS
The donor-specific EDTA-anticoagulated blood was 
apportioned into two aliquots, transferred into two clean test 
tubes, and labeled accordingly: “Blood for RCS-PBS” (blood to 
be used for RCS washed with PBS) and “Blood for RCS-NSS” 
(blood to be used for RCS washed with NSS). Blood for RCS-
PBS and blood for RCS-NSS were washed with PBS and NSS, 
respectively, and centrifuged for 1 minute at 3400 rpm. The 
supernatant was decanted by quick inversion. The process was 
performed three times. After the last washing, the supernatant 
was removed completely by using a Pasteur pipette so as to not 
disturb the cell button.
RCS exists in different concentrations (2%–5%) and 
in different volumes; however, the study focused on the 
preparation of a 5 percent RCS. Twenty milliliters of 5 percent 
RCS was prepared by the researchers. To determine the 
volume of washed packed RBCs (WPRBC) used, the total 
volume of RCS to be prepared (20 mL) was multiplied by the 
desired concentration (5%) and divided by 100. Thus, 1.0 mL 
of WPRBC was used by the researchers in the study. Using 
an automatic pipette with 1.0-mL capacity, 1.0 mL of distilled 
water was aspirated and delivered into a clean identical 
test tube with same volume capacity. The 1.0-mL level was 
marked, and the test tube was set aside to serve as a tared 
tube for the 1.0 mL of WPRBC. Using a clean Pasteur pipette, 
WPRBC were aspirated and dropped into a clean separate test 
tube until they reached the volume equal to the 1.0-mL level 
of the tared test tube.
To determine the volume of NSS or PBS added to 1.0 
mL of WPRBC, the total volume of WPRBC (1.0 mL) was 
subtracted from the total volume of the RCS to be prepared 
(20 mL). Nineteen milliliters of NSS or PBS was aspirated 
using a pipette and added to 1.0 mL of WPRBC. A proper RCS 
exhibited a tomato-red color.
The prepared RCSs and saline solutions (PBS and 
NSS) were stored in the blood bank refrigerator at 2° to 6°C 
immediately after use because temperature instability may 
greatly affect RBC membrane deformability and, therefore, the 
stability of the membrane during processing.5
MACroSCopiC AnD MiCroSCopiC exAMinAtion of 5 perCent  
rCS WASheD With pBS (Control) AnD nSS (experiMentAl) 
AS DiluentS
The pH of the saline solutions and their corresponding 
RCS preparations and RBC indices (mean cell volume, mean 
cell hemoglobin, and mean cell hemoglobin concentration) 
of the EDTA-anticoagulated blood used in the preparation 
of the RCS were measured for 1 week. Examination of the 5 
G.L. Martin et al.
Fig. 2 A comparator chart 
showing degrees of redness 
2012 Refsnes Data.
Fig. 3 Grading scale for degree of red blood cell crenation.
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percent RCS was divided into macroscopic and microscopic 
examination. The macroscopic examination involved 
observation of RCS change in degree of redness with time. The 
microscopic examination involved determining the presence 
or absence of RBC crenation and subsequent grading of degree 
of crenation by three registered medical technologists and 
computing the percentage of crenated cells.
The parameters were measured for 1 week with a 2-hour 
interval for the first 8 hours. The pH of the saline solutions 
(tubes labeled PBS and NSS) and an aliquot portion of the 
prepared 5 percent RCSs (tubes labeled RCS-PBS and RCS-
NSS) were measured before measurement of other parameters 
using a precalibrated pH meter with an accuracy of ± 0.02. The 
change in the degree of redness of the RCS (tubes labeled RCS-
PBS and RCS-NSS) was measured using a comparator chart 
showing increasing and decreasing degrees of redness. RBC 
indices of the EDTA-anticoagulated blood were measured by 
performing a CBC to ensure that the researchers were working 
on normal RBCs based on size and amount of hemoglobin 
present.
The presence and absence of crenation was microscopi-
cally examined and subsequent grading of degrees of crenation 
followed. This step was done by preparing two RCS smears 
(PBS-RCS smear and NSS-RCS smear). One drop each of 
RCS-PBS and RCS-NSS was placed on two separate clean 
glass slides and secured with a coverslip. RBC morphology 
was examined under a high-power objective. Crenation of 
RBCs was graded by three registered medical technologists 
using an arbitrary scale (Fig. 3). This RBC crenation scale was 
determined based on a 7-day pre-experiment of an NSS-RCS 
smear observing the changes in RBC morphology under a 
high-power objective over time.
The change in degree of redness of the RCS over a weeklong 
interval was measured by this comparator chart showing 
different degrees of redness ranging from black (#000000) to 
a standard tomato-red color (#990000) to white (#FFFFFF) 
(Fig. 4). At day 1, 0 hours, both RCS-PBS and RCS-NSS 
exhibited a standard tomato-red color. Only one researcher 
was tasked to observe the changes in degree of redness of the 
RCS to minimize interobserver variability.
Quantitative examination of the crenated RBCs involved 
counting the number of crenated cells in five fields in the 
central secondary square of the improved Neubauer (labeled 
R1–R5). The total number of crenated RBCs was divided 
by the total number of RBCs counted in the same fields and 
multiplied by 100 to obtain the percentage. The RCS was 
diluted with the respective saline solution at a ratio of 1:4. A 
dilution was performed to allow the researchers to examine 
the morphology of RBCs more clearly. Counting chambers 
were allowed to stand for 2 minutes. Counting of crenated 
RBCs was not performed immediately because it was observed 
that crenation tends to increase with prolonged time after the 
setup of the counting chamber. Hence, high-quality pictures 
of the five fields were taken and counting was done on the 
photos instead. Only one researcher was tasked to count and 
compute the percentage of crenation to minimize interobserver 
variability.
Statistical Analyses
Numerical and ordinal data were used in the statistical 
analyses of the study. Numerical data such as pH of the 
saline solutions, their corresponding RCS preparations, 
and quantitative examination (percentage crenation) used 
parametric measurements involving Pearson correlation 
coefficient to determine the relationship between the control 
group (PBS) and the experimental group (NSS), and an 
independent Student’s t test was used to determine significant 
differences between the two variables.
Nominal data such as the changes in degree of redness of 
RCS and qualitative examination (grading of crenation) used 
nonparametric measurements involving Mann-Whitney U 
test to test for significant differences between the control and 
experimental groups.
Fig. 4 Comparator chart showing degrees of redness 2012 Refsnes 
Data. Reference number 11 was established after preparing the 5 
percent RCSs using both PBS and NSS as diluents and comparing 
their results with those of the comparator chart. RCS = red cell 
suspension; PBS = phosphate-buffered saline; NSS = normal 
saline solution.
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Statistical software (SPSS 17.0, SPSS, Inc., IBM Corp., 
Armonk, NY) was used to perform the statistical tests. 
Probability values of less than 0.05 indicate significant 
difference and association.
Results and Discussion
pH Changes of Saline Solutions and Their 
Corresponding RCS Preparations
The pH of the saline solutions (PBS and NSS) and their 
corresponding RCSs (RCS-PBS and RCS-NSS) were measured 
using a calibrated pH meter with an accuracy of ± 0.02. Figure 
5 shows the average pH of PBS and NSS over the course of 1 
week. It shows that PBS exhibits a higher pH than NSS with 
the exception of the 2nd and 48th hours. Moreover, RCS-PBS 
exhibits a higher pH than RCS-NSS at all times, as seen in 
Figure 6.
There are significant differences between the control 
group and the experimental group in 1 week with computed 
probability values of less than 0.05; however, the PBS control 
and NSS experimental solutions maintained their effectiveness 
as diluents in terms of pH because their values are still within 
their normal pH ranges at the end of 1 week (PBS = 7.0–7.4; 
NSS = 4.5–7.0).
pH of PBS and NSS in Relation to pH of RCS-PBS 
and RCS-NSS
Statistical analysis was done by Pearson correlation 
coefficient, and a computed probability value of 0.002 indicates 
a significant relationship between PBS and RCS-PBS. As the 
pH of PBS increases, the pH of its RBC suspension preparation 
(RCS-PBS) likewise increases.
Figure 7 shows that over time PBS exhibits a higher pH 
with a likewise higher pH of RCS-PBS; hence, the upward 
linear line denotes a direct relationship between the two 
variables. A computed correlation coefficient of 0.812 between 
PBS and RCS-PBS shows a high degree of relationship between 
the two variables.
For the experimental group (NSS), a computed probability 
value of 0.894 indicates no significant relationship between 
NSS and RCS-NSS. A low degree of relationship between the 
pH of NSS and the pH of RCS-NSS is shown by the correlation 
coefficient of –0.046. Over time, a higher pH of NSS is usually 
associated with lower pH values of RCS-NSS, hence the inverse 
relationship (Fig. 8).
RBC Indices
RBC indices were measured by performing a CBC on the 
EDTA-anticoagulated blood used in the preparation of the 
RCS. The indices were measured to ensure that the researchers 
were working on blood with normal RBCs based on size and 
amount of hemoglobin.
Fig. 5 Graphical representation of average pH of PBS (control) 
and NSS (experimental) during 1 week. PBS = phosphate-buffered 

















Fig. 7 Graphical representation of the pH of PBS in relation to pH of 
RCS-PBS during 1 week. PBS = phosphate-buffered saline; RCS 
















Fig. 6 Graphical representation of average pH of RCS washed 
with PBS (control) vs. RCS washed with NSS (experimental) during 
1 week. RCS = red cell suspension; PBS = phosphate-buffered 
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Statistical analysis through Pearson correlation coefficient 
showed no significant association between the RBC indices 
(mean cell volume, mean cell hemoglobin, and mean cell 
hemoglobin concentration) and the pH of the saline solutions 
(PBS and NSS) with a computed probability value of greater 
than 0.05 (Fig. 9, Tables 2–4).
Changes in Degree of Redness of RCS
Figure 10 shows the changes in degree of redness of 
the RCS preparations, which was determined by means of a 
comparator chart (refer to Fig. 4) with 11 (#990000) as the 
Fig. 8 Graphical representation of the pH of NSS in relation to pH 









































Fig. 9A Scatter plot showing the relationship between the mean cell 
hemoglobin of the EDTA-anticoagulated blood used and the pH of 






















Fig. 9B Scatter plot showing the relationship between the mean 
cell hemoglobin of the EDTA-anticoagulated blood used and the pH 
of NSS during 1 week. EDTA = ethylenediaminetetraacetic acid; 































Fig. 9C Scatter plot showing the relationship between the mean cell 
hemoglobin concentration of the EDTA-anticoagulated blood used 
and the pH of PBS during 1 week. EDTA = ethylenediaminetetraacetic 































Fig. 9D Scatter plot showing the relationship between the mean cell 
hemoglobin concentration of the EDTA-anticoagulated blood used 
and the pH of NSS during 1 week. EDTA = ethylenediaminetetraacetic 






















Fig. 9E Scatter plot showing the relationship between the mean 
cell volume of the EDTA-anticoagulated blood used and the pH of 
PBS during 1 week. EDTA = ethylenediaminetetraacetic acid; PBS 
= phosphate-buffered saline.
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starting point (tomato-red color). Both RCS-PBS and RCS-
NSS darkened by two degrees (from 11 to 13) in 1 week. The 
standard tomato-red color was maintained during the first 24 
hours in both RCS preparations.
In general, it shows that RBCs undergo lysis during 1 week 
regardless of the control of external factors as evidenced by the 
change in the degree of redness from the comparator chart.
Qualitative Examination of Grading of Crenation  
of RBCs
Figure 11 shows that RCS-NSS exhibits a higher degree of 
RBC crenation than RCS-PBS from 0° through 120°.
Statistical analysis of the relationship between the pH 
of the saline solutions and the grading of RBC crenation was 
done by computation of mean rank and Mann-Whitney U test. 
Both groups, control and experimental, show no significant 
relationship with a computed probability value of greater than 
0.05 (Table 5). Nevertheless, the pH of the saline solutions used 
Table 2. Mean cell hemoglobin of EDTA-anticoagulated blood 
from a single donor in relation to pH of the saline solutions (PBS 
and NSS)






pH of PBS 0.171 0.615 Not significant
pH of NSS 0.148 0.664 Not significant
EDTA = ethylenediaminetetraacetic acid; PBS = phosphate-buffered saline; 
NSS = normal saline solution.
Table 3. Mean cell hemoglobin concentration of EDTA-
anticoagulated blood from a single donor in relation to pH of the 
saline solutions (PBS and NSS)







pH of PBS –0.024 0.332 Not significant
pH of NSS 0.064 0.433 Not significant
EDTA = ethylenediaminetetraacetic acid; PBS = phosphate-buffered saline; 
NSS = normal saline solution.
Table 4. Mean cell volume of EDTA-anticoagulated blood from  
a single donor in relation to pH of the saline solutions (PBS  
and NSS)
Mean cell volume Correlation coefficient p value Verbal interpretation
pH of PBS 0.029 0.932 Not significant
pH of NSS 0.018 0.957 Not significant
EDTA = ethylenediaminetetraacetic acid; PBS = phosphate-buffered saline; 






















Fig. 9F Scatter plot showing the relationship between the mean 
cell volume of the EDTA-anticoagulated blood used and the pH 
of NSS during 1 week. EDTA = ethylenediaminetetraacetic acid; 


































Fig. 10 Line graph showing changes in degree of redness of RCS-
PBS and RCS-NSS during 1 week. RCS = red cell suspension; 





























Fig. 11 Graphical representation of the degree of crenation of RCS-
PBS and RCS-NSS during 1 week. RCS = red cell suspension; 
PBS = phosphate-buffered saline; NSS = normal saline solution.
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and the degree of crenation of their corresponding RCSs shows 
a low degree of relationship at the 0.05 α level of significance 
(Table 3). As the pH of both saline solutions used increases, the 
degree of crenation of their corresponding RCSs also increases.
Quantitative Examination of Percentage Crenation  
of RBCs
Figure 12 shows that in terms of the average percent 
crenation, the experimental group (RCS-NSS) continuously 
showed a higher percentage than the control group (RCS-PBS).
The relationships between the percent crenation of RBCs 
and the pH of the saline solutions used were also statistically 
analyzed. With a probability value of 0.433 for the control group 
and a probability value of 0.917 for the experimental group, 
the null hypothesis is accepted; that is, there is no significant 
relationship between the pH of PBS and the percent crenation 
of RCS-PBS and also between the pH of NSS and the percent 
crenation of RCS-NSS. However, the lack of a significant 
relationship does not suggest that there is no relationship that 
exists between the parameters being compared. Both PBS and 
NSS show a low degree of relationship with the percent crenation 
of their corresponding RCSs. Scatter plots are presented in 
Figure 13 to show the relationships that exist between the 
pH of the diluent and the percent crenation observed in the 
two RCSs prepared. Figure 13A shows a negative relationship 
between the pH of PBS and the percent crenation of RCS-PBS 
(r = –0.264), indicating that an inverse relationship exists 
between the two. That is, when the pH of PBS increases, the 
percent crenation of RCS-PBS decreases. Furthermore, Figure 
13B also shows a negative relationship between the pH of NSS 
and the percent crenation of RCS-NSS (r = –0.036), signifying 
that there is an inverse relationship between the two variables. 
It is hypothesized therefore that even if the pH is high but still 
falls within the range of the ideal pH of buffered saline (7.2–
7.4), crenation is less likely to happen. However, this has to be 
further investigated considering that other factors may have 
contributed to such phenomena of inhibition of crenation.
Table 5. pH of the saline solutions used (PBS and NSS) in 
relation to the degree of crenation of its corresponding red cell 






pH of PBS vs. pH of RCS-PBS 0.179 0.136 Not significant
pH of NSS vs. pH of RCS-NSS 0.048 0.213 Not significant























Fig. 12 Graphical representation of the average percent crenation 
of RCS-PBS and RCS-NSS during 1 week. RCS = red cell 






























Fig. 13A Graphical representation of the pH of PBS in relation to 
the percent crenation of RCS-PBS. PBS = phosphate-buffered 


























Fig. 13B Graphical representation of the pH of NSS in relation to 
the percent crenation of RCS-NSS. NSS = normal saline solution; 
RCS = red cell suspension.
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Conclusions
Based on the results obtained, there was a significant 
difference between the pH of PBS and NSS and the pH of RCS-
PBS and RCS-NSS during 1 week. Macroscopic examination of 
changes in degree of redness showed that the tomato-red color 
darkened with time (two-degree increase), thus suggesting 
hemolysis of RBCs is occurring. RBC indices did not change 
significantly. Qualitative examination of crenation showed 
that RBCs in RCS-NSS showed a higher grading of crenation 
than those in RCS-PBS. The percent crenation of RBCs in 
RCS-NSS showed no significant change in 1 week. There was 
no distinct trend in the pH of saline and its RCS preparation. 
Likewise, crenation of RBCs showed a rise and fall trend with 
time. Crenation of RBCs in the RCS preparations (RCS-PBS 
and RCS-NSS) therefore cannot be attributed to pH alone but 
to several factors other than pH.6 These may include factors 
such as incubation at various temperatures, high levels of fatty 
acids, the senescent state of RBCs, saline washings, or, lastly, 
the glass effect.
Crenation of RBCs in the experiment may be attributed 
to the use of glass slides and cover slips in the qualitative 
examination and the use of the improved Neubauer counting 
chamber and a thick cover slip for the quantitative examination. 
It was observed that crenation did not manifest immediately 
but only after time.
Recommendation
Although the current research has shown that pH change 
did not have any statistically significant effect on degree 
of crenation of RBCs in the 5 percent cell suspensions, the 
following are still recommended for future research: (1) 
application of RBCs washed with stock NSS for different 
laboratory procedures like ABO blood grouping and 
crossmatching, (2) determination of different stages of 
RBC crenation with time as observed in scanning electron 
microscopy to highlight detailed morphologic changes 
occurring, (3) effects of other external and internal factors on 
crenation (i.e., different lengths of time for standing of blood 
smears [for qualitative and quantitative evaluation of percent 
crenation], incubation time, temperature of experimental site, 
storage time of unbuffered saline solutions, pH stability of 
diluents for washing and cell suspensions, high ratio of glass to 
RBCs and close contact of RBCs to glass slide and cover slip on 
RBCs, type of anticoagulated blood used, degree of dissolution 
of salt in the diluent to explain variability in pH of the two 
different diluents), (4) measurement of RBC indices on the 
RCSs, (5) effects of the degree of crenation with the expressed 
antigens on RBCs and its effect on the degree of antigenicity, 
and, lastly, (6) effects of using two different diluents on RBC 
antigens of other major blood group systems such as Rh, Kell, 
MNSs, Duffy, and Kidd.
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